T is considered to represent a new genus and a new species, for which the name Planomicrobium koreense gen. nov., sp. nov. is proposed. It is also proposed that Planococcus okeanokoites and Planococcus mcmeekinii be transferred to the new genus Planomicrobium as Planomicrobium okeanokoites and Planomicrobium mcmeekinii, respectively.
INTRODUCTION
The genus Planococcus was first proposed for accommodating motile cocci approximately 100 years ago (Migula, 1894) . However, the genus Planococcus has not been validated for a long time, despite continuous isolation of motile cocci from a variety of sources. Motile cocci were included in the genus Micrococcus since they were thought to differ from other cocci only in their motility (Hao & Komagata, 1985) . However, Komagata and others isolated motile cocci from frozen food and found that they differed considerably from members of the genera Micrococcus and Staphylococcus in their motility and DNA base composition (Hao & Komagata, 1985) . Boha! cek et al. (1967) separated motile from non-motile cocci on the J.-H. Yoon and others basis of DNA base composition. Kocur et al. (1970) studied the taxonomy of motile cocci and revived the genus Planococcus. They separated motile cocci into two groups based on DNA base composition, group I (GjC content 39n6-42n2 mol %) and group II (48n0-52n1 mol %). The strains belonging to group II were identified as Planococcus citreus Migula (1894) . The strains of group I were placed in the genus as Planococcus sp. and were later established as a new species, Planococcus kocurii, by Hao & Komagata (1985) . Subsequent phylogenetic analysis based on 16S rRNA gene sequences confirmed that these Planococcus species are distinct from other cocci and taxa (Farrow et al., 1992 (Farrow et al., , 1994 . A third species of the genus Planococcus is Planococcus okeanokoites, which was originally described as Flavobacterium okeanokoites (Zobell et al., 1944) but transferred to the genus Planococcus (Nakagawa et al., 1996) . Recently, a new species of the genus Planococcus was isolated from Antarctic Sea ice and proposed as Planococcus mcmeekinii (Junge et al., 1998) . Unlike Planococcus citreus and Planococcus kocurii, cells of Planococcus okeanokoites are rods, and cells of Planococcus mcmeekinii are rods in young culture and cocci or short rods in old cultures (Nakagawa et al., 1996 ; Junge et al., 1998) . Therefore, the genus Planococcus is now described as accommodating species whose cells are cocci, rods, or rods or cocci.
In this study, we describe a bacterial strain, JG07, isolated from the Korean traditional fermented seafood jeotgal. This organism was shown to be most related to the members of the genus Planococcus from the results of 16S rDNA sequence analysis. However, cells of strain JG07 T are cocci or short rods in the early growth phase and change to rods as cultures age, a morphological characteristic that is not shown by any Planococcus species described previously. The aim of the present study was to determine the exact taxonomic status of strain JG07 T , using a combination of phenotypic and genomic characters and phylogenetic analysis. On the basis of the results presented, it is concluded that strain JG07 T should be classified in a new genus and a new species, for which the name Planomicrobium koreense is proposed. In this report, it is also proposed that Planococcus okeanokoites and Planococcus mcmeekinii be transferred to the new genus Planomicrobium as Planomicrobium okeanokoites and Planomicrobium mcmeekinii, respectively.
METHODS
Bacterial strains and cultural conditions. Strain JG07 T was isolated by dilution plating technique on marine agar (Difco) from the Korean traditional fermented seafood jeotgal. Planococcus citreus DSM 20549 T , Planococcus kocurii DSM 20747 T , Planococcus mcmeekinii S23F2 T (Junge et al., 1998) and Planococcus okeanokoites IFO 12536 T were used as reference strains for some analyses. Strain JG07 T was in most cases cultivated at 28 mC in liquid or on solid media (IFO medium no. 326) that contained (l − ") 10 g polypeptone, 2 g yeast extract, 1 T was grown in marine broth at 28 mC to obtain the cell mass for the analyses of cell wall and menaquinone and for DNA extraction. All of the broth cultures were checked for purity microscopically before they were harvested by centrifugation. For fatty acid methyl ester (FAME) analysis, strain JG07 T and reference strains were cultivated on marine agar and trypticase soy agar (BBL) for 48 h at 28 mC.
Morphological and physiological characterization. The morphology of cells was examined by light microscopy, scanning electron microscopy and transmission electron microscopy. For scanning electron microscopy, cells from the early growth phase and the stationary phase were prepared by the method described by Bozzola & Russell (1991) and the specimens were examined by using a model 535M scanning electron microscope (Philips). Flagellum type was examined by transmission electron microscopy using cells from exponentially growing cultures. The cells were negatively stained with 1 % (w\v) phosphotungstic acid, and after airdrying the grids were examined by using a model CM-20 transmission electron microscope (Philips). Motility was determined with an optical microscope using the hangingdrop technique (Skerman, 1967) . Catalase activity was determined by bubble formation in a 3 % hydrogen peroxide solution. Oxidase activity was determined by oxidation of 1% p-aminodimethylaniline oxalate. Hydrolyses of casein, gelatin, starch and Tween 80 and production of urease were determined as described by Cowan & Steel (1965) . Hydrolyses of aesculin and arbutin were determined according to the method of Kurup & Fink (1975) and hydrolysis of elastin was determined according to the method of Williams et al. (1983) . Nitrate reduction was determined as described by Lanyi (1987) . Acid production from carbohydrates was determined by using the API 50CHB system (bioMe! rieux). The results were checked over a period of 4 d.
Isolation of DNA. Chromosomal DNA was isolated and purified according to the method described previously (Yoon et al., 1996) , with the exception that ribonuclease T1 was used together with ribonuclease A.
Chemotaxonomic characterization. Preparation of cell walls and determination of peptidoglycan structure were carried out by the methods described by Schleifer & Kandler (1972) , with the modification that TLC on cellulose sheets was used instead of paper chromatography. Menaquinones were analysed as described by Komagata & Suzuki (1987) using reversed-phase HPLC. For quantitative analysis of cellular fatty acid compositions, a loop of cell mass was harvested and fatty acid methyl esters were prepared and identified following the instructions of the Microbial Identification System (MIDI). Polar lipids were extracted using the procedures described by Minnikin et al. (1984) and identified by two-dimensional TLC followed by spraying with appropriate detection reagents (Komagata & Suzuki, 1987) .
Determination of GjC content. This was done by the method of Tamaoka & Komagata (1984) . DNA was hydrolysed and the resultant nucleotides were analysed by reversed-phase HPLC.
DNA-DNA hybridization. Planococcus citreus DSM 20549 T , Planococcus kocurii DSM 20747 T , Planococcus mcmeekinii S23F2 T and Planococcus okeanokoites IFO 12536 T were used as reference strains for DNA-DNA hybridization to determine genomic relatedness. This was performed fluorometrically by the method of Ezaki et al. (1989) , using photobiotin-labelled DNA probes and microdilution wells.
16S rDNA sequencing and phylogenetic analysis. Sequencing of 16S rDNA was performed as described previously (Yoon et al., 1998a) . The 16S rDNA sequence of strain JG07 T was aligned with 16S rRNA gene sequences of Planococcus species and some other related taxa by using   software (Thompson et al., 1994) . Gaps at the 5h and 3h ends of the alignment were omitted from further analysis. Evolutionary distance matrices were calculated by using the algorithm of Jukes & Cantor (1969) with the  program within the  package (Felsenstein, 1993) . A phylogenetic tree was constructed by using the neighbourjoining method (Saitou & Nei, 1987) as implemented within the  program of the same package. The stability of relationships was assessed by a bootstrap analysis of 1000 data sets by using the programs , ,  and  of the  package.
16S-23S rDNA internally transcribed spacer (ITS) sequencing.
Sequencing of the 16S-23S rDNA ITS of strain JG07 T , Planococcus citreus DSM 20549 T , Planococcus kocurii DSM 20747 T , Planococcus mcmeekinii S23F2 T and Planococcus okeanokoites IFO 12536 T was performed as described previously (Yoon et al., 1997 (Yoon et al., , 1998b . The 16S-23S rDNA ITS sequences were aligned by using   software and the similarity values were calculated from the alignment.
Nucleotide sequence accession numbers. GenBank\EMBL accession numbers for reference 16S rRNA gene sequences used in this analysis are shown in Fig. 2 .
RESULTS

Morphological and physiological characteristics
Strain JG07 T was found to be a strictly aerobic, motile, non-spore-forming, Gram-positive bacterium that is Gram-variable in old cultures. Cells were cocci or short rods only in the early growth phase and became rods as the cultures aged ( Fig. 1 ). Cells had a single polar flagellum (Fig. 1 ). Colonies were circular, smooth, low convex and yellow to orange in colour. Strain JG07 T showed catalase activity but not oxidase or urease activities. Aesculin, casein and gelatin were hydrolysed. Hydrolysis of aesculin was not found in other Planococcus species. No hydrolysis of arbutin, elastin, starch or Tween 80 was observed. Nitrate was not reduced to nitrite. Strain JG07 T grew optimally at pH 7n0-8n5, but growth was inhibited at pH 5n5 and 10. Strain JG07 T grew at 4-38 mC and weakly at 39 mC, but did not grow at 40 mC. Strain JG07 T grew optimally at 20-30 mC. Strain JG07 T grew in the presence of 0-6 % (w\v) NaCl, and weakly in the presence of 7 % NaCl. The optimum concentration of NaCl for growth was 1-4 %. Growth did not occur in the presence of more than 8 % NaCl. Acid was produced from aesculin, cellobiose, maltose, lactose, melibiose and 5-keto- gluconate, and weakly from glucose. Phenotypic properties of strain JG07 T are summarized in Table 1 , together with those of Planococcus citreus, Planococcus kocurii, Planococcus mcmeekinii and Planococcus okeanokoites.
Chemotaxonomic characteristics and DNA base composition
The cell wall of strain JG07 T contained the amino acids lysine, glutamic acid and alanine. Accordingly, the peptidoglycan type of strain JG07 T is A4α, based on -Lys--Glu, as described by Schleifer & Kandler (1972) . The cell wall of Planococcus mcmeekinii S23F2 T contained lysine, glutamic acid, aspartic acid and alanine, indicating type A4α (-Lys--Asp) as de- 
48-51 40-43 46 35 47 * All species were positive for motility and catalase. All species were negative for spore formation, urease, and hydrolysis of starch and Tween 80. † Data from Hao & Komagata (1985) . ‡ Data from Nakagawa et al. (1996) and this study. § Data from Junge et al. (1998) and this study. ¶ All strains were negative for -arabinose, -mannose, -rhamnose, sucrose, -trehalose, raffinose, starch, erythritol, adonitol, inositol, -mannitol, -sorbitol, dulcitol and salicin. Data for P. okeanokoites, P. mcmeekinii and strain JG07 T were obtained in this study using the API 50CH system. The three species were positive for 5-ketogluconate and negative for -arabinose, -xylose, β-methyl--xyloside, sorbose, α-methyl--mannoside, α-methyl--glucoside, amygdalin, arbutin, inulin, melezitose, glycogen, xylitol, gentiobiose, -turanose, -lyxose, -tagatose, -fucose, -fucose, -arabitol, -arabitol, gluconate and 2-ketogluconate. Planomicrobium koreense gen. nov., sp. nov. 
* Summed feature 5 represents iso-C "(:" I and\or anteiso C "(:" B, which could not be separated by GLC with the MIDI system. scribed by Schleifer & Kandler (1972) . The menaquinone profile of strain JG07 T was almost the same when marine broth or liquid IFO medium no. 326 were used for cultivation. The menaquinones detected in strain JG07 T from liquid IFO medium no. 326 culture were MK-8 (48 %), MK-7 (28 %) and MK-6 (24 %). When cells from marine broth culture were used, the menaquinones detected were MK-8 (47 %), MK-7 (28 %) and MK-6 (25 %). Planococcus mcmeekinii S23F2 T possessed MK-8 and MK-7 at a peak area ratio of 80 : 9. The cellular fatty acid profile of strain JG07 T is shown in Table 2 , together with those of Planococcus citreus DSM 20549 T , Planococcus kocurii DSM 20747 T , Planococcus okeanokoites IFO 12536 T and Planococcus mcmeekinii S23F2 T . Strain JG07 T showed a cellular fatty acid profile containing saturated, unsaturated and branched fatty acids ( Table 2 ). The type strains of the other Planococcus species showed fatty acid profiles similar to those described previously (Nakagawa et al., 1996 ; Junge et al., 1998) . It is interesting that strain JG07 T showed a conspicuous difference in the composition of some fatty acids, C "':! , C "':" ω7c alcohol and iso-C "%:! , depending on whether marine agar or trypticase soy agar was used, while the type strains of other Planococcus species showed similar fatty acid profiles on both media (data not shown). The cellular phospholipids found in strain JG07 T were phosphatidylethanolamine, phosphatidylglycerol and bisphosphatidylglycerol. The genomic DNA GjC content of strain JG07 T was 47 mol %.
Sequence analyses of 16S rDNA and 16S-23S rDNA ITS
An almost complete nucleotide sequence of 16S rDNA of strain JG07 T was directly determined after PCR amplification. This sequence comprised 1506 nucleotides, which corresponded to the region between positions 28 and 1524 by comparison with Escherichia coli 16S rRNA. The 16S rDNA sequence of strain JG07 T was compared with those of Planococcus species and other related taxa. A phylogenetic tree was constructed by using the 1436 nucleotide region (E. coli 16S rRNA numbering, positions 38-1431). The resulting tree showed that strain JG07 T forms a lineage within the evolutionary radiation enclosed by the genus Planococcus and a coherent cluster with Planococcus okeanokoites and Planococcus mcmeekinii (Fig.  2) . Strain JG07 T exhibited levels of 16S rDNA similarity of 97n4, 96n7, 98n4 and 98n6% to Planococcus citreus DSM 20549 T , Planococcus kocurii DSM 20747 T , Planococcus mcmeekinii S23F2 T and Planococcus okeanokoites IFO 12536 T , respectively. (Green et al., 1985) and some Streptomyces species (Baylis & Bibb, 1988 ; Kim et al., 1993 ; Pernodet et al., 1989 ; Van Wezel et al., 1991) . Strain JG07 T exhibited levels of 16S-23S rDNA ITS similarity of 74n6-83n2 % to the type strains of the four Planococcus species (Table 3) . Levels of nucleotide similarity of the 16S-23S rDNA ITS sequences among the type strains of the four Planococcus species ranged from 81n0 to 88n6 % (Table 3) . 
DNA-DNA relatedness
Strain JG07 T exhibited levels of DNA-DNA relatedness of 20n5, 11n9, 13n3 and 10n4 % with Planococcus citreus DSM 20549 T , Planococcus kocurii DSM 20747 T , Planococcus mcmeekinii S23F2 T , Planococcus okeanokoites IFO 12536 T , respectively.
DISCUSSION
The genus Planococcus was originally established to accommodate motile cocci (Migula, 1894 ; Kocur et al., 1970) . However, the genus Planococcus is no longer a taxon that includes only coccoid species. The first two Planococcus species described, Planococcus citreus and Planococcus kocurii, have coccoid cells (Kocur et al., 1970 ; Hao & Komagata, 1985) , but Planococcus okeanokoites forms rod-shaped cells (Nakagawa et al., 1996) and Planococcus mcmeekinii forms long, elongated rods in young cultures and cocci or short rods in old cultures (Junge et al., 1998) . Micromorphologically, strain JG07 T is more similar to Planococcus okeanokoites and Planococcus mcmeekinii (Fig. 1) . Strain JG07 T exhibited the closest phylogenetic affiliation to Planococcus species from the results of 16S rDNA sequence comparison. The phylogenetic analysis based on 16S rDNA sequences showed that strain JG07 T falls within the evolutionary radiation comprising Planococcus species (Fig. 2) . However, Planococcus species including strain JG07 T were shown to form two distinct phylogenetic clusters, the relationship of which is supported by a bootstrap resampling value of 100 % (Fig. 2) . One cluster includes Planococcus okeanokoites and Planococcus mcmeekinii together with strain JG07 T , and the second cluster includes two other Planococcus species described previously, Planococcus citreus and Planococcus kocurii (Fig. 2) . It is interesting that the results of phylogenetic inference exhibit a good correlation with the micromorphological distinction shown by strain JG07 T and the four Planococcus species. This observation also led us to re-evaluate the taxonomic status of these species through comparative analyses of additional taxonomic traits, such as phenotypic, particularly chemotaxonomic, characters. Strain JG07 T is similar to Planococcus citreus and Planococcus kocurii in cellular fatty acid and polar lipid profiles (Hao & Komagata, 1985 ; Nakagawa et al., 1996) . However, strain JG07 T is distinguished from Planococcus citreus and Planococcus kocurii in the composition of menaquinones. The menaquinone profile of strain JG07 T is characterized by the predominance of MK-8 followed by MK-7 and MK-6, whereas the type strain of Planococcus citreus has similar amounts of MK-7 and MK-8, and the type strain of Planococcus kocurii has a profile showing a predominance of MK-7 followed by MK-8 and MK-6 (Hao & Komagata, 1985) . Planococcus okeanokoites and Planococcus mcmeekinii show menaquinone profiles with a predominance of MK-8. Planococcus okeanokoites IFO 12536 T has 66 % MK-8 and 34 % MK-7 of the total amount of menaquinones (Nakagawa et al., 1996) . Planococcus mcmeekinii S23F2 T was observed to contain MK-8 (80 %) and MK-7 (9 %) in this study. Strain JG07 T is also distinguishable from Bacillus species and the other genera belonging to the Bacillus rRNA group 2 by menaquinone type and lack of spore formation (Rheims et al., 1999) . Therefore, from the results of morphological and chemotaxonomic properties and phylogenetic inference, it appears to be more appropriate that strain JG07 T , Planococcus okeanokoites and Planococcus mcmeekinii be classified in a new genus separate from the first two Planococcus species described, Planococcus citreus and Planococcus kocurii.
Strain JG07 T has some phenotypic characteristics different from those of Planococcus okeanokoites and Planococcus mcmeekinii (Table 1 ). The peptidoglycan structure of strain JG07 T is -Lys--Glu, whereas Planococcus okeanokoites IFO 12536 T has a peptidoglycan type based on -Lys--Asp (Nakagawa et al., 1996) , and Planococcus mcmeekinii S23F2 T was also found to have the type -Lys--Asp. Cellular fatty acid profiles revealed that strain JG07 T is differentiated from Planococcus okeanokoites IFO 12536 T in the composition of some fatty acids, particularly iso-C "%:! and anteiso-C "&:! (Table 2) . Planococcus okeanokoites IFO 12536 T has already been found to have a cellular fatty acid profile distinct from the type strains of Planococcus citreus and Planococcus kocurii, as well as from strain JG07 T and Planococcus mcmeekinii S23F2 T J.-H. Yoon and others (Nakagawa et al., 1996 ; Junge et al., 1998) . Strain JG07 T shows differences to Planococcus okeanokoites and Planococcus mcmeekinii in some physiological properties (Table 1 ). In particular, strain JG07 T was observed to hydrolyse aesculin, whereas no hydrolysis of aesculin is found in Planococcus okeanokoites and Planococcus mcmeekinii (Table 1) . Strain JG07 T is also differentiated from Planococcus okeanokoites IFO 12536 T by flagellum type. While cells of strain JG07 T have a single polar flagellum, Planococcus okeanokoites IFO 12536 T has peritrichously flagellated cells (Nakagawa et al., 1996) . Planococcus mcmeekinii S23F2 T is characterized by having a GjC content (35 %) that is much lower than those of Planococus okeanokoites IFO 12536 T and strain JG07 T and by having the ability to reduce nitrate to nitrite (Table 1) . DNA-DNA relatedness provides decisive evidence that the strain JG07 T is a species different from Planococcus okeanokoites and Planococcus mcmeekinii (Wayne et al., 1987) . Levels of DNA-DNA relatedness of strain JG07 T to Planococcus okeanokoites IFO 12536 T and Planococcus mcmeekinii S23F2 T are much lower than 70 %, a value which has been recognized for delineating a species (Wayne et al., 1987) . The 16S-23S rDNA ITS sequences support the distinction of strain JG07 T from Planococcus okeanokoites IFO 12536 T and Planococcus mcmeekinii S23F2 T as well as from the type strains of the other two Planococcus species described previously (Table 3 ). The 16S-23S rDNA ITS similarity values of strain JG07 T to the type strains of Planococcus species (74n6-83n2 %) are mostly lower than those between the type strains of Planococcus species (81n0-88n6 %). 16S-23S ITS sequences have already been proven to be useful for clearly differentiating the relationships between species belonging to a genus (Yoon et al., 1997 (Yoon et al., , 1998b ).
On the basis of these polythetic results, we propose the creation of a new genus and new species, Planomicrobium koreense gen. nov., sp. nov., for strain JG07 T . Based on the data presented, it is also proposed to transfer Planococcus okeanokoites and Planococcus mcmeekinii to the new genus Planomicrobium as two distinct species, Planomicrobium okeanokoites and Planomicrobium mcmeekinii, respectively. Planomicrobium koreense (ko.re.enhse. M.L. adj. koreense referring to Korea, the country where strain JG07 T was isolated and taxonomically studied).
Cells are cocci or short rods in the early growth phase but soon change to rods. Strictly aerobic and nonspore-forming. Gram-positive, and Gram-variable in old cultures. Motile by means of a single polar flagellum. Colonies are circular, smooth, low convex and yellow to orange in colour. Catalase-positive. Oxidase-and urease-negative. Aesculin, casein and gelatin are hydrolysed. Arbutin, elastin, starch and Tween 80 are not hydrolysed. Nitrate is not reduced to nitrite. Growth occurs at 4-38 mC, but weakly at 39 mC and does not occur at 40 mC. The optimal growth temperature is 20-30 mC. The optimal pH for growth is 7n0-8n5, and growth is inhibited at pH 5n5 and 10. Growth occurs in the presence of 0-6 % NaCl but weakly in the presence of 7 % NaCl and does not occur in the presence of more than 8 % NaCl. The optimal concentration of NaCl for growth is 1-4 %. Acid is produced from aesculin, cellobiose, maltose, lactose, melibiose and 5-ketogluconate, and weakly from glucose. No acid is produced from glycerol, erythritol, -arabinose, -arabinose, ribose, -xylose, -xylose, adonitol, β-methyl--xyloside, galactose, fructose, mannose, sorbose, rhamnose, dulcitol, inositol, mannitol, sorbitol, α-methyl--mannoside, α-methyl--glucoside, N-acetylglucosamine, amygdalin, arbutin, salicin, sucrose, trehalose, inulin, melezitose, raffinose, starch, glycogen, xylitol , gentiobiose, -turanose, -lyxose, -tagatose, -fucose, -fucose, -arabitol, -arabitol, gluconate or 2-ketogluconate. The peptidoglycan type is A4α (-Lys--Glu). The predominant menaquinones are MK-8, MK-7 and MK-6. The cellular fatty acid profile contains major amounts of saturated, unsaturated and branched fatty acids. The cellular phospholipids are phosphatidylethanolamine, phosphatidylglycerol and bisphosphatidylglycerol. The GjC content is 47 mol %. Isolated from the the Korean traditional fermented seafood jeotgal. The type strain is strain JG07, which has been deposited in the Korean Collection for Type Cultures as KCTC 3684 T and the Japan Collection of Microorganisms as JCM 10704 T . (Nakagawa et al. 1996) comb. nov.
Description of Planomicrobium okeanokoites
The description is the same as that given by Nakagawa et al. (1996) .
